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Abstract: With the increasing emphasis on health, probiotics have garnered increasing
attention due to their safe and beneficial features for intestinal health and have become a hot
spot in the fields of food and medicine. In terms of oral drug delivery, it is difficult to select a
safe, convenient, and stable carrier. Probiotics can be used as carriers to deliver drugs through
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the complex in vivo environment without damage and have excellent safety and stability. This

review describes the structures, advantages, and disadvantages of five common probiotic-based

oral drug delivery approaches: display on spore surface, yeast microcapsules, recombinant

probiotic expression, bacterium-like particles, and bacterial ghost, aiming to provide options

for the application of oral delivery carriers.

Keywords: oral drug delivery; probiotics; spore; delivery carrier
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Table 1 Patterns and characteristics of oral delivery vehicles

Oral delivery vehicles

Drug loading mode

Characteristic

Bacillus surface display system

Yeast microcapsule system

Recombination surface display

Non-recombinant surface display

Electrostatic adsorption
Non-covalent force modification
Passive diffusion/hydrophobicity
Layer-by-layer synthesis (LBL)

Post-derivatization combination

No need to produce antigens; different antigens
can be displayed

Highly efficient; exhibits antigen in its natural
form; requires cleavage to exhibit antigen
Protects drugs from destruction; accurately
targets drugs; efficiently loads all types of
drugs; safe and non-toxic

Recombinant probiotic expression system Surface display
Secrete
Intracellular

Bacterium-like particles, BLPs

Surface display

Bacterial ghosts, BGs

Stable binding; no need to penetrate cells; high
efficiency

High delivery efficiency; avoids drug toxicity
to cells

Avoids environmental destruction of drugs;
toxic to cells

Safe and stable; high drug loading;
insignificant therapeutic immunization effect

Anchors and fills in internal spaces Safe and stable; efficient targeting; its structure

decreases drug concentration
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Inner membrane
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Exosporium
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Figure 1 Schematic structure of Bacillus spores.
Dimensions of different layers not drawn to scale.
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DRI 2HL RS F) il B DR e JORE pDG364 47 A E A
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ZFE 0% A8 Bk A A R (deoxycholic acid, DA)FF
X 7% £ B2 B] % & (doxorubicin hydrochloride,

*2 FANERERTRAZHNA

DOX) A& JEJE (sorafenib, SOR), 4% H—Ff
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¥ 2k ik B AR A (2) BtES AT
g A2 TR IR R B R A B LA ZE AT TR B A R

Table 2  Applications of the surface display system of Bacillus spores

Type Exogenous proteins/drugs ~ Anchoring Applications References
proteins/attachment
Recombination ~ CsPmy CotC Oral vaccine for protection of grass carp [42]

Glucagon-like peptide-1 CotC
(GLP-1)

Non-recombinant Grass carp reovirus CotB & CotC
(GCRV) Vp7 antigen
OmpK or green CotY

fluorescence protein (GFP)
Helicobacter pylori urease CotC
B

Protective antigen (PA) Adsorption
PfCSP Coupling
TTFC Adsorption

against Ascaris lumbricoides

GLP-1 (28—36) oral delivery system for the  [35]
treatment of type 2 diabetes mellitus

Enhancement of protective immunity to [43]
GCRYV in grass carp

Enhancement of zebrafish immunogenicity to [44]
Vibrio pathogen infections

Oral administration of urease-carrying B [45]
spores prevents Helicobacter pylori infection
Development of an oral vaccine for the [46]
surface presentation of PA for the treatment

of anthrax

Oral vaccines for malaria prevention [47]
Effective in inducing an immune response [48]

and can be used as an adjuvant for vaccine

immunization
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Figure 2  Preparation and structure of yeast
microcapsules.
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Figure 3 Different ways of expressing exogenous proteins by recombinant probiotics.
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Table 3 Expression of exogenous proteins by different species of probiotics
Protein expression  Bacterial strain type Applications References
mode
Surface display S. cerevisiae Expression of avian influenza HA protein for use as an oral vaccine [91]
against avian influenza
L. plantarum Expression of Clostridium nucleatum outer membrane FomA protein ~ [92]
inhibits IBD
L. plantarum Expression of Staphylococcus aureus non-toxic mutant alpha [93]
hemolysin, protective against Staphylococcus aureus lung and skin
infections
E. faecalis Separate expression of four Eimeria aphidis proteins of Tennessee and [94]
protection against homologous infection in chickens by combined
immunization
Bifidobacterium Expression of WT1 protein for use as an oral vaccine against oral [95]
cancer
L. plantarum Expression of the influenza virus antigen HA1-DCpep, which can play [96]
an immunizing role against influenza virus
L. casei Expression of AHA1-CK6 and VP2 proteins and oral immunization [97]
induces prevention of infectious pancreatic necrosis in rainbow trout
L. casei Expression of DCpep, Col, and CoE antigenic fusion proteins [98]
effectively induces an immune response against porcine epidemic
diarrhea virus
L. casei Expression of an OmpK fusion CTB protein for use as an adjuvant [99]
against Vibrio anisopliae infection in crucian carp
Secrete P. pentosaceus Secretion of therapeutic protein P8 for tumor suppression and [100]
regulation of intestinal microflora
L. paragasseri Express and efficiently secrete epitope-4 [101]
B. subtilis Expression of the multi-epitope protein OmpC-FliC-SopF-SseB-1L-18 [102]
induces a strong immune response against Salmonella enteritidis
L. lactis Expression of extracellular TGFBR2 with significant anti-hepatic [103]
fibrosis effects
L. lactis Expression of soluble CD80 enhances anti-tumor immunity to inhibit  [104]
tumor growth
Intracellular L. casei Expression of an antigen directed against SARS-CoV-2 Omicron [105]
variant B.1.1.529
L. lactis Expression of heat shock protein 65 and inhibition of atherosclerosis  [106]
L. lactis Expression of Helicobacter lipoprotein Lpp20 produces significant [107]

immune effects

AR NI A R T At A A A
240 B 5t Rk ) 0 S A T AT LAk SR SN IR R A
S 2R B W T R R KRB, DR Dy A 1
E AR 25 SRR 1A SR SR
Yang SFUOWE T REMEAEAN I BTN LRI SOT
I DCpep K:N AT B AL 20k, SXH

2R P R B 5 T S IS A 2R BR U B9
ROV o B RE A AR M BE B R /R B R A S
B A SRS S, o0 S R,
B E IR G RE S, W58 WA R 7 200 i e
A R R I SN A R AT LA T SR A
fis T e SR Al SO e A A T AL
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BLPs) %% [ Ji& /s 22 4t #1411 74 5% (bacterial ghosts,
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4.1 HEEFAL(BLPS)

BLPs J&—F FLIR i 4o ad AR AL BT, fifif5
Fis 2L IR TR B D44 20 i B i 2R B (peptidoglycan,
PGN)Z AT, £4% DNA | S5, i RE
AR, N A I JCTE 2 . 5 RIEARAH
ALY 2 0 IR, U0 B3R Sy 2% RGP P T 49 i i o
(Gram-positive enhancer matrix, GEM)!""*), BLPs
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JC. 4% 5 F(protein anchor, PA)YE A4 & 50T
A HPRE AAE IS RIC BARE F A e &
PA TEMRSMAEGRIAIG, Wl MEEN PA B

<l actamicro@im.ac.cn, & 010-64807516

SEA TR IR AL P 9 FLIRR R IR SRR R 1w, e H
R AR ER (E 4),

BLPs £ JBRRZREHAIFZ M.
(1) Joeam g HYE i e, ATEER T I,
(2) HFrZEM S BLPs IESAB%, ek,
(3) Fe 3L R T 15 T AT LA i R o A H bR
HH; @) TGS MR aR, FfER
FEA ;s (5) AT LA b [ B R R Z2 R i
(6) JE/R AL B ARER A A A B HLAE 1,
Liu 208 f] GEM ki fl 8 2H 470 )5. CTB-UE
IR, T HIR¥EE T CUE-GEM, J3iF 5z a] DL
ST I ] BB HE AT PRI SRR G () KSR B % S I . Mao
2 (1190 v 456 1 19 22 SCI-59 5 7L R 14 BLPs ks
b A, TR AT 75 S AR B JFEBE JR 9% (non obese
diabetes, NOD)/)N 9 1 R it 3214 3 i Bl A &
G REPERE RS, AU S Ml h F B HEf
A SCI-59.

/\PGN

S \ LAB cell

L

J/Hot acid
PA Linker Target protein

BLPs In vitro‘fusion and
expression

J/ Combining

Fusion protein

BLPs surface display system

Bl 4 BLPs RERTAGHIGIEIE
Figure 4 Preparation process of BLPs surface
display system.



05| AR, 2024, 64(11)

4095

SRTM BLPs RIAE/R RGEWMAFTEE — L[]
0. A5 A8 % BLLA BLPs 10 2R BB i — Ik
PEMIBCRIEANE S, 0 5 752 2 #1) 3 IR A R
H—ERCRIZ Sudo ZHF5E & BLPs i#i%
PSR 55 3B 36 AR AT G, T SR A AR & T
MY, HET, T BLPs A% AT
9 B AT Sk T, TG IR i
T A BIF TSR AN FEAE
4.2 HHEFZ(BGs)

BGs & it 3 H sl fb 2 07 i = A AR R )
SR, W LA BRI, AR
Nissle1917 Z |4 HEH E #iilFRik, 7EVG W
N T B 2R s T 45412215 (I 5), BGs ANy
A AT NS, AFE YL R R BB DNA,
(AR T AN RIS . AN YRR
W o BGs R H T 58 B M AN ME A FIR SR 3R

EHT=5.00 kV Signal A=<SE2  Date: 6 Mar 2022
g WD=8.5 mm Mag=30.00 K X Time: 14:56:49

EHT=5.00 kV Signal A=SE2  Date: 18 May 2022 ‘ 200 n
WD=7.3 mm Mag=30.00 K X Time: 17:08:41 | I

PSS, A AR e, P s
KIRAF BN ZH0E. HE . BERTR S SR
PRI T, FrLd BGs 5 T i, dnEmg
AL, B AT ANMEAFRGI AR, RES AR
KRR PIE SN, JC SIS MR, 2]
BGs HA RAFIIE A i e g1

BGs 17 i G i 454, i HAR # 1E 5 I
BRI 2yl UG E E BGs B4
PBEFISME A, Rl DU E FIIEFELE BGs HYJH
s[RI AN A, L2y LB 25 5 e S R
2 [ B 6 B AR LA U212 Zh S5 R0
B EER Bl AR R I 3t EcN
il %/ BGs HBPAIRZSE R, I A DU 2§ R
W33 B 7E HeLa Z0i0H AOBURCR , Hi >
s R AIAR SR RIVE T o [ BGs S — Rk
PRANTE, WEA ST T, tAs™

EHT=5.00 kV Signal A=InLens Date: 15 Mar 2022
1 WD=6.2 mm Mag=50.00 K X Time: 16:55:36

EHT=5.00 kV Signal A=SE2  Date: 6 Mar 2022
WD=8.4 mm_Mag=30.00 K X Time: 15:23:21

EHT=5.00 kV Signal A=SE2  Date: 6 May 2022 ==
WD=8.4mm Mag=30.00 K X Time: 15:21:41

EHT=5.00 kV Signal A=SE2  Date: 6 May 2022 ==
WD=7.2mm Mag=40.00 K X Time: 16:16:30

5 FPREBERURKETE BGs IS
JAtFIE BGs. L1 #7352
Figure 5

A BHETIRIGI R ERIEE. B-F: S AL MR R

Morphology of Escherichia coli BGs observed by scanning electron microscopy. A: Intact

morphology of wild type E. coli. B-F: E. coli BGs formed by induced lysis. Red arrows indicate

124
transmembrane tunnels!'*¥.

http://journals.im.ac.cn/actamicrocn



4096

LI Wen et al. | Acta Microbiologica Sinica, 2024, 64(11)

A= 4t if B AR S B 0w T X DL ks i fe 3 i EL
BGs &7 DNA [, WAFELESER KL HE 1 R
W, FTLA BGs HA R4 4kl

AL, BGs 7E% M F AR R e, W
e LR — PR AR G i A8 2k 1 Bl 2% R A0
Eslaminejad 25/ s FLAT 8 1 46 77— T 1%
FUFFE BGs LI Ewdme, JHRI S
WATRE IR IBUSIREME R . A R0
FiE25%) CIP # A5 EcN #1451 BGs M,
LA i) R 8 o B2 W A RE T, LTI
RO R IR o SR, A S E
61T BGs fEEMIAE: BGs 12 4546 25l
A5 S5 25k B R G2 )M R BGs B ANAE
B o R m AUP, Rk, BGs & —
FRARAG I 9 11 ARt 26 280k, (XS F LAY
AR Z TAEEM .

5 REERE

g A TR BRAR Y IO 26 A, AT LAGRP
A e 1o 52 2% W PR TN BERIR g
g1 25 Py e 1) ik B R E A TRAL, I HRA
Rz et Mm-S 24 & ate et . NI
Z 4 LR R B AT K o 13 1A 45 P 25 W) R
N DNA i . SR BUE N | ALr 2 i 2
Jiky i ST 3R BN AEIRI T R RAE
I S g 151900,

ARICERIR T 3 Fbs UL 00 i A BT 11 A a2 is 480
PRFN 2 PR i 11 i ik 3800, I 48 T e
LM SRR AR BORRIREE M, N2 ARAT R Y
2R, TERRAY B RO S AT AR Gy 2 22 )
ORI EA il A E I, LSS
FRGH %, I HL A5 AR T IR0 6 A HLR R
AN R TR RN S 2 M2 R i, al
PIARSE 25 W AR MRy s AT DL o e oh, mT LA
PR 10 i dd ik 3R ) £ A TR DR B2, AU dd FLIR

<l actamicro@im.ac.cn, & 010-64807516

PR BERE L AR 2R ZE AT TR RO AT A Nissle1917
5, BATZBTIT DT o g AT 1 sk 2 A
VASHEARR IR PR 205 ) B e 245 0 3 % AR 8 2 1 5 R 1)
P, Z R 2R RO 25 W) A PR T BRI
$izh i SR D ke S o o W< D S M ey L L 2
WA T T 25 ) K R G

SR, it A= BT 11 AR 28 A H RS R A7 AE L
R V22 A AR T Rt 6 AR AR
240 TR ) A B T A AR IS A e A T
MIRT IR A TE I, A5 5 A T AR e Y Tl
A=A ARG o AL, foi P i A B A O ik
A 1 Fre R IR R A 1 i v AR E
1A i A 3 3 77 7 A M) AR R o R
ANERE R RN sk e, H AT A AR
ZW T R A TAE 45 A R R T 25 R IR )= DLk
PRI g A2 R P F Y, F 45 ) B A AL~ 1
/Eﬂj%[l42—144]0

e, BRAEXS T 4 A o 2% 2 A i
FEZIRAE SRR ESCIR, FEIm IR E A4
BED o i A s % A — AR A N
RIS 2R F- 5, S R B B A BT IR
A EE, AT LITE 2593 16 U e — 2% vl
FERYLESE o

SEH

[1] HOTEL AC, CORDOBA A. Health and nutritional
properties of probiotics in food including powder milk
with live lactic acid bacteria[J]. Prevention, 2001, 5(1):
1-10.

[2] YOHA KS, NIDA S, DUTTA S, MOSES JA,
ANANDHARAMAKRISHNAN C. Targeted delivery

research  and

of probiotics:  perspectives on

commercialization[J]. Probiotics and Antimicrobial
Proteins, 2022, 14(1): 15-48.

[3] SANDERS ME, AKKERMANS LMA, HALLER D,
HAMMERMAN C, HEIMBACH J,
HORMANNSPERGER G, HUYS G, LEVY DD,

LUTGENDORFF F, MACK D, PHOTHIRATH P,



05| AR, 2024, 64(11) 4097
SOLANO-AGUILAR G, VAUGHAN E. Safety [14] NESLIHAN GURSOY R, BENITA S.
assessment of probiotics for human use[J]. Gut Self-emulsifying drug delivery systems (SEDDS) for
Microbes, 2010, 1(3): 164-185. improved oral delivery of lipophilic drugs[J].

[4] MILNER E, STEVENS B, AN M, LAM V, Biomedicine & Pharmacotherapy, 2004, 58(3):
AINSWORTH M, DIHLE P, STEARNS J, 173-182.

[12]

[13]

DOMBROWSKI A, REGO D, SEGARS K. Utilizing
probiotics for the prevention and treatment of
gastrointestinal diseases[J]. Frontiers in Microbiology,
2021, 12: 689958.
JAKUBCZYK D, LESZCZYNSKA K, GORSKA S.
The effectiveness of probiotics in the treatment of
inflammatory bowel disease (IBD)-a critical review[J].
Nutrients, 2020, 12(7): 1973.

tREE, £, A, £5M, Bk E, £E 54
T 22 Al R T A T W s O A P B2 AL F 5 0 g [0,
£ TOlbBHE, 2022, 43(20): 414-420.

XU K, WANG Z, XUE ZP, WANG JP, XU ZS,
WANG T. Effect and mechanism of probiotics in
alleviating or treating inflammatory bowel disease[J].
Science and Technology of Food Industry, 2022,
43(20): 414-420 (in Chinese).

LEGESSE BEDADA T, FETO TK, AWOKE KS,
GAREDEW AD, YIFAT FT, BIRRI DJ. Probiotics for
cancer alternative prevention and treatment[J].
Biomedicine & Pharmacotherapy, 2020, 129: 110409.
TERPOU A, PAPADAKI A, LAPPA K
KACHRIMANIDOU V, BOSNEA LA, KOPSAHELIS
N. Probiotics
emerging strategies towards improved viability and

]

in food systems: significance and

delivery of enhanced beneficial value[J]. Nutrients,
2019, 11(7): 1591.

SHOKRYAZDAN P, FASELEH JAHROMI M,
LIANG JB, HO YW. Probiotics: from isolation to
application[J]. Journal of the American College of
Nutrition, 2017, 36(8): 666-676.
PUEBLA-BARRAGAN S, REID G. Probiotics in
cosmetic and personal care products: trends and
challenges[J]. Molecules, 2021, 26(5): 1249.
EI-SAADONY MT, ALAGAWANY M, PATRA AK,
KAR I, TIWARI R, DAWOOD MAO, DHAMA K,
ABDEL-LATIF HMR. The functionality of probiotics
in aquaculture: an overview[J]. Fish & Shellfish
Immunology, 2021, 117: 36-52.

SUEZ J, ZMORA N, SEGAL E, ELINAV E. The pros,
cons, and many unknowns of probiotics[J]. Nature
Medicine, 2019, 25(5): 716-729.

ZHANG L, WANG SL, ZHANG MH, SUN 1J.
Nanocarriers for oral drug delivery[J]. Journal of Drug
Targeting, 2013, 21(6): 515-527.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

BRE, ARG TR, BER, mEA, FEF. AARZ
JIKF T 24 Wy ik ik B WF ST RS [J]. FEF R4, 2023,
47(10): 783-787.

ZHAO T, ZOU PF, L1 JX, GAO CS, LI ZP. Progress in
self-assembling peptides for drug delivery[J]. Military
Medical Sciences, 2023, 47(10): 783-787 (in Chinese).
MEI L, ZHANG ZP, ZHAO LY, HUANG LQ, YANG
XL, TANG JT, FENG SS.
nanotechnology for oral delivery of anticancer drugs[J].
2013, 65(6):

Pharmaceutical

Advanced Drug Delivery Reviews,
880-890.

BHUTANI U, BASU T, MAJUMDAR S. Oral drug
long acting new-age

delivery: conventional to

designs[J]. European Journal of Pharmaceutics and
Biopharmaceutics, 2021, 162: 23-42.

LI WS, SU ZG, HAO MX, JU CY, ZHANG C.
Cytopharmaceuticals: an emerging paradigm for drug
delivery[J]. Journal of Controlled Release, 2020, 328:
313-324.

LIANG J, YAN H, PULIGUNDLA P, GAO XL,
ZHOU YB, WAN XC. Applications of chitosan
nanoparticles to enhance absorption and bioavailability
of tea polyphenols: a review[J]. Food Hydrocolloids,
2017, 69: 286-292.

LEONG KW, SUNG HW. Nanoparticle-

biomaterials-mediated oral delivery for drug, gene, and

and

immunotherapy[J]. Advanced Drug Delivery Reviews,
2013, 65(6): 757-758.

JIANG BY, LI ZD, OU BM, DUAN QD, ZHU GQ.
ideal

probiotics:  a

based on
Applied
103(10):

Targeting oral vaccine vectors

view[J].
2019,

systematical
Microbiology and Biotechnology,
3941-3953.

WANG YW, WANG DH, LV HJ, DONG QC, LI JJ,
GENG WT, WANG JJ, LIU FF, JIA LG, WANG YP.
Modulation of the gut microbiota and glycometabolism
by a probiotic to alleviate amyloid accumulation and
cognitive impairments in AD rats[J]. Molecular
Nutrition & Food Research, 2022, 66(19): ¢2200265.
RICCA E, BACCIGALUPI L, CANGIANO G, de
FELICE M, ISTICATO R. Mucosal vaccine delivery

by non-recombinant spores of Bacillus subtilis[J].

http://journals.im.ac.cn/actamicrocn



4098

LI Wen et al. | Acta Microbiologica Sinica, 2024, 64(11)

[24]

[25]

[27]

(28]

(31]

[32]

[34]

Microbial Cell Factories, 2014, 13: 115.

WELLS JM, MERCENIER A. Mucosal delivery of
therapeutic and prophylactic molecules using lactic
acid bacteria[J]. Nature Reviews Microbiology, 2008,
6(5): 349-362.

MEDINA M, VINTINI E, VILLENA J, RAYA R,
ALVAREZ S. Lactococcus lactis as an adjuvant and
delivery vehicle of antigens against pneumococcal
respiratory infections[J]. Bioengineered Bugs, 2010,
1(5): 313-325.

HE L, YANG HJ, TANG JL, LIU ZD, CHEN YY, LU
BH, HE HC, TANG SJ, SUN Y]J, LIU F, DING XZ,
ZHANG YM, HU SB, XIA LQ. Intestinal probiotics E.
coli Nissle 1917 as a targeted vehicle for delivery of
p53 and Tum-5 to solid tumors for cancer therapy[J].
Journal of Biological Engineering, 2019, 13: 58.
SHANK EA, KOLTER R. Extracellular signaling and
multicellularity in Bacillus subtilis[J]. Current Opinion
in Microbiology, 2011, 14(6): 741-747.

ISTICATO R. Bacterial spore-based delivery system:
20 years of a versatile approach for innovative
vaccines[J]. Biomolecules, 2023, 13(6): 947.

SELLA SRBR, VANDENBERGHE LPS, SOCCOL
CR. Life cycle and spore resistance of spore-forming
Bacillus  atrophaeus|]J].
2014, 169(12): 931-939.
TAN IS, RAMAMURTHI KS. Spore formation in

Microbiological Research,

Bacillus  subtilis[J]. Environmental Microbiology
Reports, 2014, 6(3): 212-225.
SETLOW P. Spore resistance  properties[J].

Microbiology Spectrum, 2014, 2(5): 201-205.

CAO J, YU ZM, LIU WY, ZHAO JX, ZHANG H,
ZHAI QX, CHEN W. Probiotic characteristics of
Bacillus coagulans and associated implications for
human health and diseases[J]. Journal of Functional
Foods, 2020, 64: 103643.

YIN L, MENG Z, ZHANG YX, HU KK, CHEN WY,
HAN KB, WU BY, YOU R, LI CH, JIN Y, GUAN YQ.
Bacillus spore-based oral carriers loading curcumin for
the therapy of colon cancer[J]. Journal of Controlled
Release, 2018, 271: 31-44.

SUN HC, LIN ZP, ZHAO L, CHEN TJ, SHANG M,
JIANG HY, TANG ZL, ZHOU XY, SHI MC, ZHOU
LN, REN PL, QU HL, LIN JS, LI XR, XU J, HUANG
Y, YU XB. Bacillus subtilis spore with surface display
of paramyosin from Clonorchis sinensis potentializes a

promising oral vaccine candidate[J]. Parasites &

<l actamicro@im.ac.cn, & 010-64807516

[35]

[36]

[37]

[38]

[39]

[41]

Vectors, 2018, 11(1): 156.
KANG M, FENG F, GE Q, ZHU F, CHEN L, LV P,
MA S, YAO Q, CHEN K. Display of quintuple
glucagon-like peptide 1 (28-36) nonapeptide on
Bacillus subtilis spore for oral administration in the
treatment of type 2 diabetes[J]. Journal of Applied
Microbiology, 2021, 130(2): 314-324.
ZHANG GY, AN YF, ZABED H, GUO Q, YANG MM,
YUAN J, WEN L, SUN WI, QI XH. Bacillus subtilis
spore surface display technology: a review of its
Journal  of
2019, 29(2):

development and  applications[J].
Microbiology
179-190.

YANG Y, ZHANG GH, WU J, CHEN XQ, TONG DN,
YANG YM, SHI HZ, YAO CQ, ZHUANG LN,
WANG JB, DU AF. Recombinant HcGAPDH protein

expressed on probiotic Bacillus subtilis spores protects

and Biotechnology,

sheep from Haemonchus contortus infection by
inducing both humoral and cell-mediated responses[J].
mSystems, 2020, 5(3): €00239-20.

CHEN C, LI YL, LV FL, XU LD, HUANG YW.
Surface display of peptides corresponding to the heptad
repeat 2 domain of the feline enteric coronavirus spike
protein on Bacillus subtilis spores elicits protective
immune responses against homologous infection in a
feline aminopeptidase-N-transduced mouse model[J].
Frontiers in Immunology, 2022, 13: 925922.

Mz WERCZEFF MR RER AIV HA fil GPV
VP3 KA SRR B PFN [D]. HIK: PR R
At L2 3, 2023,

YANG YC. Preliminary evaluation of AIV HA and
GPV VP3 displayed on the surface of Bacillus subtilis
and their immunogenicity[D]. Chongqing: Master’s
Thesis of Southwest University, 2023 (in Chinese).
RPWe . T fi AR R 2 A0 H RIS R R G T 45
GG IR IR T HEFE[D]. KR B K 222440
W3, 2023.

SONG QL. Oral delivery system based on probiotic
spores for the treatment of colitis and colon cancer[D].
Zhengzhou: Doctoral Dissertation of Zhengzhou
University, 2023 (in Chinese).

SONG M, HONG HA, HUANG JM, COLENUTT C,
KHANG DD, van ANH NGUYEN T, PARK SM,
SHIM BS, SONG HH, CHEON IS, JANG JE, CHOI
JA, CHOI YK, STADLER K, CUTTING SM. Killed
Bacillus subtilis spores as a mucosal adjuvant for an
H5N1 vaccine[J]. Vaccine, 2012, 30(22): 3266-3277.



05| AR, 2024, 64(11)

4099

[42]

[43]

[44]

[45]

[49]

SUN HC, SHANG M, TANG ZL, JIANG HY, DONG
HM, ZHOU XY, LIN ZP, SHI CB, REN PL, ZHAO L,
SHI MC, ZHOU LN, PAN HJ, CHANG 0Q, LI XR,
HUANG Y, YU XB. Oral delivery of Bacillus subtilis
spores expressing Clonorchis sinensis paramyosin
protects grass carp from cercaria infection[J]. Applied
Microbiology and Biotechnology, 2020, 104(4):
1633-1646.

SUN R, ZHANG M, CHEN H, WEI Y, NING DG.
Germination-arrest Bacillus subtilis spores as an oral
delivery vehicle of grass carp reovirus (GCRV) vp7
antigen augment protective immunity in grass carp
(Ctenopharyngodon idella)[J]. Genes, 2020, 11(11):
1351.

GONCALVES G, SANTOS RA, COUTINHO F,
PEDROSA N, CURADO M, MACHADO M, COSTAS
B, BONNEVILLE L, SERRANO M, CARVALHO AP,
DIAZ-ROSALES P, OLIVA-TELES A, COUTO A,
SERRA CR. Oral vaccination of fish against vibriosis
using spore-display technology[J]. Frontiers in
Immunology, 2022, 13: 1012301.

ZHOU ZW, GONG ST, LI XM, YANG YY, GUAN
RL, ZHOU S, YAO SW, XIE YQ, OU ZY, ZHAO JH,
LIU ZG. Expression of Helicobacter pylori urease B
on the surface of Bacillus subtilis spores[J]. Journal of
Medical Microbiology, 2015, 64(Pt 1): 104-110.

OH Y, KIM JA, KIM CH, CHOI SK, PAN JG. Bacillus
subtilis spore vaccines displaying protective antigen
induce functional antibodies and protective potency|[J].
BMC Veterinary Research, 2020, 16(1): 259.

de ALMEIDA MEM, ALVES KCS, de
VASCONCELOS MGS, PINTO TS, GLORIA IC,
CHAVES YO, NEVES WLL, TARRAGO AM, de
SOUZA NETO JN, ASTOLFI-FILHO S, PONTES GS,
da SILVA BALIEIRO AA, ISTICATO R, RICCA E,
MARIUBA LAM. Bacillus subtilis spores as delivery
system for nasal Plasmodium  falciparum
circumsporozoite surface protein immunization in a
murine model[J]. Scientific Reports, 2022, 12(1):
1531.

SANTOS FDS, MAZZOLI A, MAIA AR, SAGGESE
A, ISTICATO R, LEITE F, IOSSA S, RICCA E,
BACCIGALUPI L. A probiotic treatment increases the
immune response induced by the nasal delivery of
spore-adsorbed TTFC[J].
2020, 19(1): 42.

TANG ZL, WU ZS, SUN HC, ZHAO L, SHANG M,

Microbial Cell Factories,

[52]

[55]

[56]

[57]

SHI MC, JIANG HY, LIN ZP, ZHOU XY, LI XR, YU
XB, HUANG Y. The storage stability of Bacillus
subtilis spore displaying cysteine protease of
Clonorchis sinensis and its effect on improving the gut
microbiota of mice[J]. Applied Microbiology and
Biotechnology, 2021, 105(6): 2513-2526.

LEE NK, KIM WS, PAIK HD. Bacillus strains as
human probiotics: characterization, safety, microbiome,
probiotic  carrier[J]. Food
Biotechnology, 2019, 28(5): 1297-1305.
DUC LH, HONG HA, ATKINS HS, FLICK-SMITH
HC, DURRANI Z, RIJPKEMA S, TITBALL RW,
CUTTING SM. Immunization against anthrax using
spores expressing the
protective antigen[J]. Vaccine, 2007, 25(2): 346-355.
CHEN HY, ZHANG TX, JIA JR, VASTERMARK A,
TIAN R, NI Z, CHEN Z, CHEN KP, YANG SL.

Expression and display of a novel thermostable

and Science and

Bacillus  subtilis anthrax

esterase from Clostridium thermocellum on the surface
of Bacillus subtilis using the CotB anchor protein[J].
Journal of Industrial Microbiology & Biotechnology,
2015, 42(11): 1439-1448.

SAGGESE A, BACCIGALUPI L, DONADIO G,
RICCA E, ISTICATO R. The bacterial spore as a
mucosal vaccine delivery system[J].
Journal of Molecular Sciences, 2023, 24(13): 10880.
DONG H, HUANG YM, YAO SW, LIANG BS,
LONG Y, XIE YQ, MAI JL, GONG ST, ZHOU ZW.
The recombinant fusion protein of cholera toxin B and

International

neutrophil-activating protein expressed on Bacillus
subtilis spore surface suppresses allergic inflammation
in mice[J]. Applied Microbiology and Biotechnology,
2017, 101(14): 5819-5829.

VETRAKOVA A, CHOVANOVA RK,
RECHTORIKOVA R, KRAJCIKOVA D, BARAK 1.
Bacillus subtilis spores displaying RBD domain of

SARS-CoV-2 spike protein[J]. Computational and

Structural ~ Biotechnology  Journal, 2023, 21:
1550-1556.
ISTICATO R, SIREC T, TREPPICCIONE 1L,

MAURANO F, de FELICE M, ROSSI M, RICCA E.
Non-recombinant display of the B subunit of the heat
labile toxin of Escherichia coli on wild type and
mutant spores of Bacillus subtilis[J]. Microbial Cell
Factories, 2013, 12: 98.

HINC K, ISTICATO R, DEMBEK M,
KARCZEWSKA J, IWANICKI A,

http://journals.im.ac.cn/actamicrocn



4100

LI Wen et al. | Acta Microbiologica Sinica, 2024, 64(11)

(58]

[60]

[63]

[65]

PESZYNSKA-SULARZ G, de FELICE M,
OBUCHOWSKI M, RICCA E. Expression and display
of UreA of Helicobacter acinonychis on the surface of
Bacillus subtilis spores[J]. Microbial Cell Factories,
2010, 9: 2.

CHERNOFF YO, GRIZEL AV, RUBEL AA,
ZELINSKY AA, CHANDRAMOWLISHWARAN P,
CHERNOVA TA. Application of yeast to studying
amyloid and prion diseases[J]. Advances in genetics,
2020, 105: 293-380.

KARIM A, GERLIANI N, AIDER M. Kluyveromyces
marxianus: an emerging yeast cell
food
International Journal of Food Microbiology, 2020, 333:
108818.

FENG XX, XIE Q, XU HB, ZHANG TT, LI XN,
TIAN YM, LAN HB, KONG L, ZHANG ZP. Yeast

microcapsule mediated natural products delivery for

factory for

applications  in and  biotechnology[J].

treating ulcerative colitis through anti-inflammatory
and regulation of macrophage polarization[J]. ACS
Applied Materials & 2022, 14(27):
31085-31098.

WU Y, LI PY, JIANG ZZ, SUN XL, HE HQ, YAN PJ,
XU Y, LIU Y. Bioinspired yeast-based pB-glucan
Carbohydrate

Interfaces,

system for oral drug delivery[J].
Polymers, 2023, 319: 121163.
BASTOS R, OLIVEIRA PG, GASPAR VM, MANO
JF, COIMBRA MA, COELHO E. Brewer’s yeast
polysaccharides: a review of their exquisite structural
features and biomedical applications[J]. Carbohydrate
Polymers, 2022, 277: 118826.

LIU Y, YANG HS, ZHU JH, YANG ZF, ZHAO LL,
ZHANG X, ZHANG HX. Novel albendazole-glucan
particles for enhancing intestinal absorption and
improving hepatic targeting[J]. Annals of Translational
Medicine, 2022, 10(24): 1312.

XIHEHL, 2, %, RAE, AE M. BERERaE
PR 1 25 ) 326 326 AR A B S 0E e (0], P I 24 57
2023, 34(16): 2022-2027.

LIU YQ, LI JR, MENG F, XING HN, ZHENG AP.
Research progress of yeast microcapsules as oral drug
delivery carrier[J]. China Pharmacy, 2023, 34(16):
2022-2027 (in Chinese).

ZHOU X, LING KJ, LIU MY, ZHANG XJ, DING J,
DONG Y, LIANG ZQ, LI 1J, ZHANG JX. Targeted
delivery of cisplatin-derived nanoprecursors via a

biomimetic yeast microcapsule for tumor therapy by

<l actamicro@im.ac.cn, & 010-64807516

[68]

[69]

[70]

(73]

[75]

the oral

6568-6586.
SABU C, RAGHAV D, JUJITH US, MUFEEDHA P,
NASEEF PP, RATHINASAMY K, PRAMOD K.

Bioinspired oral insulin delivery system using yeast

route[J]. Theranostics, 2019, 9(22):

microcapsules[J]. Materials Science and Engineering:
C, 2019, 103: 109753.

T R R B 9K AL B AR K RS
Fa i KGR AR HITSE (D). PR FH: 307 R 2 il ]2
fE3L, 2022.

WANG DZ. Construction of drug delivery system of
nano-zinc oxide coated with yeast microcapsules and
its anti-tumor effect[D]. Shenyang: Master’s Thesis of
Liaoning University, 2022 (in Chinese).

SHI GR, LIU YT, HE ZJ, ZHOU JH. Chemical
treatment and chitosan coating of yeast cells to
improve the encapsulation and controlled release of
albumin[J]. Artificial Cells,
Nanomedicine, and Biotechnology, 2017, 45(6): 1-9.
SALON I, HANUS J, ULBRICH P, STEPANEK F.
Suspension stability and diffusion properties of yeast
glucan microparticles[J]. Food
Processing, 2016, 99: 128-135.
TAN C, WANG J, SUN BG. Polysaccharide dual

coating

bovine serum

and Bioproducts

of yeast capsules for stabilization of
anthocyanins[J]. Food Chemistry, 2021, 357: 129652.
HE Y, CHEN QW, YU JX, QIN SY, LIU WL, MA YH,
CHEN XS, ZHANG AQ, ZHANG XZ, CHENG Y.
Yeast cell membrane-camouflaged PLGA nanoparticle
platform for enhanced cancer therapy[J]. Journal of
Controlled Release, 2023, 359: 347-358.

SOTO ER, SPECHT CA, LEE CK, LEVITZ SM,
OSTROFF GR. One step purification-vaccine delivery
system[J]. Pharmaceutics, 2023, 15(5): 1390.

PAN Y, LI XP, KANG TY, MENG H, CHEN ZL,
YANG L, WU Y, WEI YQ, GOU ML. Efficient
delivery of antigen to DCs
microparticles[J]. Scientific Reports, 2015, 5: 10687.
IVANOVA E. Yeasts in nanotechnology-enabled oral
vaccine and gene delivery[J].
12(1): 8325-8335.

ZHANG L, ZHANG W, PENG H, LI YK, LENG TT,
XIE CX, ZHANG L. Oral gene therapy of HFD-obesity
mediated

13(10):

using yeast-derived

Bioengineered, 2021,

via nonpathogenic yeast
shRNA delivery[J].
1536.

microcapsules

Pharmaceutics, 2021,



05| AR, 2024, 64(11)

4101

[76]

[79]

[80]

[81]

ZHOU X, ZHANG XJ, HAN SL, DOU Y, LIU MY,
ZHANG L, GUO JW, SHI Q, GONG GH, WANG RB,
HU 7, LI XH, ZHANG JX. Yeast
microcapsule-mediated targeted delivery of diverse
nanoparticles for imaging and therapy via the oral
route[J]. Nano Letters, 2017, 17(2): 1056-1064.

SOTO ER, KIM HC, YAGITA H, de JESUS M,
OSTROFF GR. Polydopamine coating of glucan
particles increases uptake into peyer’s patches[J]. ACS
Applied Bio Materials, 2019, 2(9): 3748-3754.

REIS SF, MARTINS VJ, BASTOS R, LIMA T,
CORREIA VG, PINHEIRO BA, SILVA LM, PALMA
AS, FERREIRA P, VILANOVA M, COIMBRA MA,
COELHO E. Feasibility of brewer’s spent yeast
microcapsules as targeted oral carriers[J]. Foods, 2023,
12(2): 246.

ZHANG L, PENG H, FENG M, ZHANG W, LI YK.
Yeast microcapsule-mediated oral delivery of IL-1B
shRNA for post-traumatic osteoarthritis therapy[J].
Molecular Therapy-Nucleic Acids, 2021, 23: 336-346.
TEHaH, skiigl, B, el SRR AEY R
WEAE N (0], b TR AR AR, 2021, 43(4):
444-449.

DE YY, ZHANG YH, LIAO H, LONG T. Potential
biological applications of recombinant probiotics[J].
Chinese Journal of Preventive Veterinary Medicine,
2021, 43(4): 444-449 (in Chinese).

KUMAR M, YADAV AK, VERMA V, SINGH B,
MAL G, NAGPAL R, HEMALATHA R.
Bioengineered probiotics as a new hope for health and
diseases: an overview of potential and prospects[J].
Future Microbiology, 2016, 11(4): 585-600.

MR R, W1, 810k, XUBE, 5. JE D9 4 b8 45
A T TE S W W A B B 58 e F 0], o R
H [, 2023, 50(3): 1016-1024.

CHEN SJ, LI G, NAI ZD, LIU D, JIANG XP. Research
and application of gene-edited probiotics in animal
intestinal health[J]. China Animal Husbandry &
Veterinary Medicine, 2023, 50(3): 1016-1024 (in
Chinese).

% ¥ = T # @ & L. lactis
MG1363-pMG36e-GLP-1 il 323 #1 fill 2k 5E 1= 2l 35 1A 4
PRI HLHIBIFED]. B & BB KW L2083,
2023.

YUE MY. Study on the mechanism of L. lactis
MG1363-pMG36e-GLP-1, an engineering probiotic, in

improving Parkinson’s disease by inhibiting iron

[85]

[86]

[87]

[88]

[90]

death[D]. Nanchang: Master’s Thesis of Nanchang
University, 2023 (in Chinese).

A Hg. T Escherichia coli nissle 1917 f#FE KR
BT DL AR R LR s A W TR =
PREQ IMAE AR FE[D]. BrRg: AR R 250083,
2022.

ZHAO R. Study on the treatment of hyperuricemia by
constructing engineering probiotics expressing uric
acid oxidase and oxygen circulation system based on
Nissle 1917[D].
Dissertation of Shandong University,
Chinese).

MATHIPA-MDAKANE MG, THANTSHA MS.

Lacticaseibacillus rhamnosus: a suitable candidate for

Doctoral
2022 (in

Escherichia coli Jinan:

the construction of novel bioengineered probiotic
strains for targeted pathogen control[J]. Foods, 2022,
11(6): 785.

WYSZYNSKA AK, GODLEWSKA R. Lactic acid
bacteria-a promising tool for controlling chicken
Campylobacter infection[J]. Frontiers in Microbiology,
2021, 12: 703441.

TAGHINEZHAD-S S, MOHSENI AH,
BERMUDEZ-HUMARAN LG, CASOLARO V,
CORTES-PEREZ NG, KEYVANI H,

SIMAL-GANDARA J. Probiotic-based vaccines may
provide effective protection against COVID-19 acute
respiratory disease[J]. Vaccines, 2021, 9(5): 466.

MUNOZ C, GONZALEZ-LORCA I, PARRA M,
SOTO S, VALDES N, SANDINO AM, VARGAS R,
GONZALEZ A, TELLO M. Lactococcus
expressing type I interferon from Atlantic salmon

lactis

enhances the innate antiviral immune response in vivo
and in vitro[J]. Frontiers in Immunology, 2021, 12:
696781.

HUANG QT, NIU TM, ZOU BS, WANG JH, XIN JH,
NIU H, LI N, JIANG YX, BAO JF, ZHANG D, FENG
XZ, SUN TT, WANG X, YANG KD, WANG Y,
YANG GL, ZHAO DD, WANG CF. Lactobacillus
surface-displayed ASFV (pl4.5)
stimulate immune responses in mice[J]. Vaccines, 2022,
10(3): 355.

ZHAO ZL, WANG H, ZHANG DX, GUAN YC,
SIDDIQUI SA, XIAO FS, CONG B. Oral vaccination
with recombinant Lactobacillus

plantarum can

casei expressing
Aeromonas hydrophila Ahal against A. hydrophila
infections in common carps[J]. Virulence, 2022, 13(1):

794-807.

http://journals.im.ac.cn/actamicrocn



4102

LI Wen et al. | Acta Microbiologica Sinica, 2024, 64(11)

[91]

[92]

[93]

[94]

[95]

[96]

[97]

. SR JEE 7 AL SR T AT D T I 1 B TR A F AL
R IR R P S (D). R RER A Loy
L83, 2020.

MENG W. Construction and biological characteristics
of Saccharomyces cerevisiae strain with surface
display of avian influenza virus antigen[D]. Tianjin:
Master’s Thesis of Tianjin University, 2020 (in
Chinese).

s/NE. RIKARIFFESMNE FomA & RGBT ALEL
23 TRT 1) A S b G o 5 S 1 Wi LRI W 52 (D). K
B EAMOR LB A8 S, 2023.

ZHANG XY. Construction of a novel Lactobacillus
expressing FomA protein in the outer membrane of
Fusobacterium nucleatum and its inhibitory effect on
inflammatory bowel disease[D]. Changchun: Doctoral
Dissertation of Jilin University, 2023 (in Chinese).
PAN N, LIU BH, BAO XM, ZHANG HC, SHENG SX,
LIANG YC, PAN HT, WANG X. Oral delivery of
novel recombinant Lactobacillus elicit high protection
against Staphylococcus aureus pulmonary and skin
infections[J]. Vaccines, 2021, 9(9): 984.

ZHI WJ, CHEN H, BAI BR, JIA ZP, PAN XH, WANG
B, KONG R, LIU QJ, MA CL, MA DX. Combined oral
immunization with probiotics FEntercoccus faecalis
delivering surface-anchored FEimeria tenella proteins
provide protective efficacies against homologous
infection in chickens[J]. Frontiers in Immunology,
2022, 13: 1042143.

SHIRAKAWA T, KITAGAWA K. Antitumor effect of
oral cancer vaccine with Bifidobacterium delivering
WT1 protein to gut immune system is superior to WT1
peptide vaccine[J]. Human Vaccines &
Immunotherapeutics, 2017, 14(1): 159-162.

NIU H, XING JH, ZOU BS, SHI CW, HUANG HB,
JIANG YL, WANG JZ, CAO X, WANG N, ZENG Y,
YANG WT, YANG GL, WANG CF.

evaluation of recombinant Lactobacillus plantarum

Immune

with surface display of HA1-DCpep in mice[J].
Frontiers in Immunology, 2021, 12: 800965.

CHEN YP, HUA XJ, REN XY, DUAN KX, GAO SA,
SUN JH, FENG Y, ZHOU Y, GUAN X, LI DC,
WANG N, LI JH, YANG JW, XIA D, SHI W, LIU M.
Oral immunization with recombinant Lactobacillus
displayed AHA1-CK6 and VP2
protection against infectious pancreatic necrosis in
Fish &

casei induces

rainbow trout (Oncorhynchus mykiss)[J].
Shellfish Immunology, 2020, 100: 18-26.

<l actamicro@im.ac.cn, & 010-64807516

(98]

[100]

[101]

[102]

[103]

[104]

[105]

MA ST, WANG L, HUANG XW, WANG XN, CHEN
S, SHI W, QIAO XY, JIANG YP, TANG LJ, XU YG,
LI YJ. Oral

targeting the intestinal microfold cells and dendritic

recombinant Lactobacillus vaccine
cells for delivering the core neutralizing epitope of
porcine epidemic diarrhea virus[J]. Microbial Cell
Factories, 2018, 17: 20.

LI HJ, YANG BT, SUN YF, ZHAOT, HAO ZP, GU W,
SUN MX, CONG W, KANG YH. Oral vaccination
with recombinant Lactobacillus casei with surface
displayed OmpK fused to CTB as an adjuvant against
Vibrio mimicus infection in Carassius auratus[J]. Fish
& Shellfish Immunology, 2023, 135: 108659.

CHUNG Y, RYU Y, AN BC, YOON Y S, CHOI O,
KIM TY, YOON J, AHN JY, PARK HJ, KWON SK,
KIM JF, CHUNG MlJ. A synthetic probiotic engineered
for colorectal cancer therapy modulates
microbiota[J]. Microbiome, 2021, 9(1): 122.
ZENG Z, YU R, ZUO FL, ZHANG B, PENG DJ, MA
HQ, CHEN SW. Heterologous expression and delivery
of Dbiologically active exendin-4 by Lactobacillus
paracasei L14[J]. PloS One, 2016, 11(10): e0165130.
LV PH, ZHANG XS, SONG MZ, HAO GJ, WANG FK,

SUN SH. Oral administration of recombinant Bacillus

gut

subtilis expressing a multi-epitope protein induces

immune against  Salmonella

Veterinary Microbiology, 2023, 276:

strong responses
enteritidis[J].
109632.
YUAN SL, DONG M, ZHANG HL, XU HD, WANG
Q, YAN CL, YE RC, JIANG XX, ZHOU HQ, CHEN L,
CHENG J, XIE W, JIN WZ. Oral delivery of a
Lactococcus lactis expressing extracellular TGFBR2
alleviates hepatic fibrosis[J]. Applied Microbiology
and Biotechnology, 2021, 105(14): 6007-6018.

LIN ZQ, TANG YQ, CHEN ZR, LI SM, XU XY, HOU
XF, CHEN ZH, WEN JJ, ZENG WS, MENG XJ, FAN
HY. Soluble CD80 oral delivery by recombinant
Lactococcus suppresses tumor growth by enhancing
antitumor immunity[J]. Bioengineering &
Translational Medicine, 2023, 8(4): e10533.

CHAU ECT, KWONG TC, PANG CK, CHAN LT,
CHAN AML, YAO XQ, TAM JSL, CHAN SW,
LEUNG GPH, TAI WCS, KWAN YW. A novel
probiotic-based oral vaccine against SARS-CoV-2
Omicron variant B.1.1.529[J]. International Journal of
Molecular Sciences, 2023, 24(18): 13931.



05| AR, 2024, 64(11)

4103

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

HOU J, LU Y, LIU HY, MA YJ, XING Y, ZHANG Y,
LI TM, CAO RY, JINL, WU J, ZONG L, LIU JJ. Oral
administration of Lactococcus lactis delivered heat
shock protein 65 attenuates atherosclerosis in
low-density lipoprotein receptor-deficient mice[J].
Vaccine, 2011, 29(24): 4102-4109.

ZHANG RG, PENG XY, DUAN GC, SHI QF, CHEN
SY, WANG C, FAN QT, XI YL. An engineered
Lactococcus lactis strain exerts significant immune
responses through efficient expression and delivery of
Helicobacter pylori Lpp20 antigen[J]. Biotechnology
Letters, 2016, 38(12): 2169-2175.

] GRANGETTE C, MULLER-ALOUF H,
GOUDERCOURT D, GEOFFROY MC, TURNEER M,
MERCENIER A. Mucosal immune responses and
protection against
with

tetanus toxin after intranasal

immunization recombinant  Lactobacillus
plantarum[J]. Infection and Immunity, 2001, 69(3):
1547-1553.

[109] YANG GL, YAO JY, YANG WT, JIANG YL,
DU JF, HUANG HB, GU W, HU JT, YE LP, SHI CW,
SHAN BL, WANG CF.

immunological evaluation

Construction  and
of

Lactobacillus plantarum expressing SO7 of Eimeria

recombinant

tenella fusion DC-targeting peptide[J].
Parasitology, 2017, 236: 7-13.

[110]AI CQ, ZHANG QX, REN CC, WANG G, LIU
XM, TIAN FW, ZHAO JX, ZHANG H, CHEN YQ,
CHEN W. Genetically engineered Lactococcus lactis

Veterinary

protect against house dust mite allergy in a BALB/c
mouse model[J]. PLoS One, 2014, 9(10): ¢109461.
[111] %6 k. FLER BAE o 259 73 1 36 4506 28K ) AT
FERERE[T). AW TRE2AR, 2021, 37(7): 2272-2282.
ZENG Z. Advances in the use of lactic acid bacteria as
mucosal delivery vectors of therapeutic molecules[J].
Chinese Journal of Biotechnology, 2021, 37(7):
2272-2282 (in Chinese).

[[12]REN CC, ZHANG QX, WANG G, AI CQ, HU
MS, LIU XM, TIAN FW, ZHAO JX, CHEN YQ,
WANG M, ZHANG H, CHEN W. Modulation of
peanut-induced allergic immune responses by oral
lactic acid bacteria-based vaccines in mice[J]. Applied
Microbiology and Biotechnology, 2014, 98(14):
6353-6364.

[113] Eal, R, EFER. dmEER: il
FLIR TR R R /R B AR B R )], UEY 274, 2019,
59(3): 411-419.

[114]

[115]

[116]

[117]

[118]

[119]

[120]

WANG JZ, ZHAO JW, WANG CF. Bacterium-like
particles: a novel surface display technology for lactic
acid bacteria and its application[J]. Acta Microbiologica
Sinica, 2019, 59(3): 411-419 (in Chinese).

OGO, REARAR, KA, EGE, K.
GEM-PA kMWE/RAGSMIRIRI] | REWEE
RH4%, 2023, 48(1): 51-56.

LU RQ, JIAO CC, ZHANG MY, WANG HL, ZHANG
HL. Research progress on GEM-PA surface display
system[J]. Guangdong Journal of Animal and
Veterinary Science, 2023, 48(1): 51-56 (in Chinese).
XL, 35 T i 1 1 4 1) 4 1 R 0K (pBLP) I A
U3 1 A FIE v 1 RGP B8R A T [D]. IR 5
AL KA -2 38 3, 2023,

LIU RH. Effect analysis of bacterial-like particles
(pBLP) prepared from pathogenic bacteria as antigen
Harbin:
Master’s Thesis of Northeast Agricultural University,
2023 (in Chinese).

ARHOER. S WA T N A T 2ERE R B A K
A2 T RV A SO 2 7 A R 1 SRR A 5T (D).
K& FHMR M LA A8, 2023.

LI of
recombinant rabies virus vector inactivated vaccine

delivery carrier and vaccine synergist[D].

ZR. Construction and immunogenicity
and bacterial particle vaccine against Nipah virus
encephalitis[D]. Changchun: Doctoral Dissertation of
Jilin University, 2023 (in Chinese).
ZHOU XY, GAO MC, DE XQ, SUN T, BAI ZK, LUO
JL, WANG F, GE JW. Bacterium-like particles derived
from probiotics: progress, challenges and prospects[J].
Frontiers in Immunology, 2023, 14: 1263586.
LIU W, TAN ZL, LIU H, ZENG ZQ, LUO SH, YANG
HM, ZHENG LF, XI T, XING YY. Nongenetically
modified Lactococcus lactis-adjuvanted vaccination
Helicobacter
22(5). DOLI:

enhanced innate
pylori[J].  Helicobacter,
10.1111/hel.12426.

MAO RF, CHEN YY, WU Q, ZHANG T, DIAO EJ,
WU DL, WANG M, LIU Y, LU L, CHANG X,
ZHENG Y, WANG YF. Oral delivery of single-chain
insulin (SCI-59) analog by bacterium-like particles
(BLPs)
autoimmune diabetes in NOD mice[J].
Letters, 2019, 214: 37-44.

RAMIREZ K, DITAMO Y, RODRIGUEZ L,
PICKING WL, van ROOSMALEN ML, LEENHOUTS
K, PASETTI MF. Neonatal mucosal immunization

immunity against

2017,

induces oral tolerance and prevents

Immunology

http://journals.im.ac.cn/actamicrocn



4104

LI Wen et al. | Acta Microbiologica Sinica, 2024, 64(11)

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

with a non-living, non-genetically = modified
Lactococcus lactis vaccine carrier induces systemic
and local Thl-type immunity and protects against
lethal bacterial infection[J].
2010, 3(2): 159-171.

SUDO H, TOKUNOH N, TSUJII A, KAWASHIMA S,
HAYAKAWA Y, FUKUSHIMA H, TAKAHASHI K,
KOSHIZUKA T, INOUE N. The adjuvant effect of

bacterium-like particles depends on the route of

Mucosal Immunology,

administration[J]. Frontiers in Immunology, 2023, 14:
1082273.

CHEN HJ, JI H, KONG XJ, LEI PY, YANG QS, WU
W, JIN LB, SUN D. Bacterial ghosts-based vaccine
and drug delivery systems[J].
13(11): 1892.

ALI RH, ALI ME, SAMIR R. Production and
characterization of bacterial ghost vaccine against
Neisseria meningitidis[J]. Vaccines, 2022, 11(1): 37.
MA Y, ZHU WJ, ZHU GS, XU Y, LI SY, CHEN R,
CHEN LD, WANG JF. Efficient robust yield method

for preparing bacterial ghosts by Escherichia coli

Pharmaceutics, 2021,

phage ID52 lysis protein E[J]. Bioengineering, 2022,

9(7): 300.
HOLAY M, GUO ZY, PIHL J, HEO J, PARK JH,
FANG RH, ZHANG LF. Bacteria-inspired

nanomedicine[J]. ACS Applied Bio Materials, 2021,
4(5): 3830-3848.

CHEN HJ, LEI PY, JI H, MA JH, FANG YM, YU HY,
DU J, QU LK, YANG QS, LUO L, ZHANG K, WU W,
JIN LB, SUN D. Escherichia coli Nissle 1917 ghosts
alleviate inflammatory bowel disease in zebrafish[J].
Life Sciences, 2023, 329: 121956.

SALEM-BEKHIT MM, YOUSSOF AME, ALANAZI
FK, ALEANIZY FS, ABDULAZIZ A, TAHA EI,
AMARA AAAF. Bacteria from infectious particles to
cell based anticancer targeted drug delivery systems|[J].
Pharmaceutics, 2021, 13(12): 1984.

ZHU WX, HAO LJ, LIU XL, BORRAS-HIDALGO O,
ZHANG YY. Enhanced anti-proliferative efficacy of
epothilone B loaded with Escherichia coli Nissle 1917
bacterial ghosts on the HeLa cells by mitochondrial
pathway of apoptosis[J]. Drug Development and
Industrial Pharmacy, 2018, 44(8): 1328-1335.
PANDEY M, CHOUDHURY H, VIJAYAGOMARAN
PA, LIAN PNP, NING TJ, WAI NZ, XIAN-ZHUANG

<l actamicro@im.ac.cn, & 010-64807516

[130]

[131]

[132]

[133]

[134]

[135]

[136]

N, ER CL, RAHMAH NSN, KAMARUZZAMAN
NDB, MAYUREN J, CANDASAMY M, GORAIN B,
CHAWLA PA, AMIN MCIM. Recent update on
bacteria as a delivery carrier in cancer therapy: from
evil to allies[J]. Pharmaceutical Research, 2022, 39(6):
1115-1134.
HAJAM IA, DAR PA, WON G, LEE JH. Bacterial
ghosts as adjuvants: mechanisms and potential[J].
Veterinary Research, 2017, 48(1): 37.
ESLAMINEJAD T, MOSHAFI MH, HASANPORE M,
AYATOLLAHI SA, ANSARI M. Evaluation of the
of
ghosts as
carrier[J]. Daru, 2022, 30(1): 67-73.
WIFA RS . A A TR Ay 24 40 3 1o 38 % R4 AR A4 1y O
SE[D]. RS P4 R A R AE 2 E A8 3, 2019.
XIE SZ. Study on probiotics as drug targeted delivery

anticandidal  activity clotrimazole  using

Lactobacillus  caseie biological drug

and controlled release carrier[D]. Chengdu: Doctoral
Dissertation of Southwest Jiaotong University, 2019
(in Chinese).

GANESHPURKAR A, GANESHPURKAR A,
PANDEY V, AGNIHOTRI A, BANSAL D, DUBEY N.
Harnessing the potential of bacterial ghost for the
effective delivery of drugs and biotherapeutics[J].
International Journal of Pharmaceutical Investigation,
2014, 4(1): 1-4.

HAN BQ, XU K, LIU ZT, GE W, SHAO SM, LI PC,
YAN NN, LI XY, ZHANG ZY. Oral yeast-based DNA
vaccine confers effective protection from Aeromonas
hydrophila infection on Carassius auratus[J]. Fish &
Shellfish Immunology, 2019, 84: 948-954.
STASILOJC M, HINC K, PESZYNSKA-SULARZ G,
OBUCHOWSKI M, IWANICKI A. Recombinant
Bacillus  subtilis elicit Th1/Thl7-polarized

immune response in a murine model of Helicobacter

spores

pylori vaccination[J]. Molecular Biotechnology, 2015,
57(8): 685-691.

LIM J, KOH VHQ, CHO SSL, PERIASWAMY B,
CHOI DPS, VACCA M, de SESSIONS PF, KUDELA
P, LUBITZ W, PASTORIN G, ALONSO S.
the of

ghosts the anti-mycobacterial

Harnessing immunomodulatory properties

bacterial to boost
protective immunity[J]. Frontiers in Immunology, 2019,

10: 2737.



05| AR, 2024, 64(11)

4105

[137]

[138]

[139]

[140]

WANG XN, WANG L, HUANG XW, MA ST, YU ML,
SHI W, QIAO XY, TANG LJ, XU YG, LI YJ. Oral
delivery  of  probiotics  expressing  dendritic
cell-targeting peptide fused with porcine epidemic
diarrhea virus COE antigen: a promising vaccine
strategy against PEDV[J]. Viruses, 2017, 9(11): 312.

MAI JL, LIANG BS, XIONG ZL, Al XL, GAO F,
LONG Y, YAO SW, LIU YF, GONG ST, ZHOU ZW.
Oral administration of recombinant Bacillus subtilis
pylori
neutrophil-activating protein suppresses peanut allergy
up-regulation of Tregs[J]. Clinical
Experimental Allergy, 2019, 49(12): 1605-1614.
KITAGAWA K, GONOI R, TATSUMI M,
KADOWAKI M, KATAYAMA T, HASHII Y,
FUJISAWA M, SHIRAKAWA T.

development of a WT1 oral cancer vaccine using a

spores expressing Helicobacter

via and

Preclinical

bacterial vector to treat castration-resistant prostate
cancer[J]. Molecular Cancer Therapeutics, 2019, 18(5):
980-990.

ZHOU J, LI MY, CHEN QF, LI XJ, CHEN LF, DONG
ZL, ZHU W], YANG Y, LIU Z, CHEN Q.
Programmable probiotics modulate inflammation and
microbiota for disease

gut inflammatory bowel

treatment after effective oral delivery[J]. Nature

[141]

[142]

[143]

[144]

Communications, 2022, 13(1): 3432.

sk—M, MOEUR, R, XPRSE. BT R A I
N TR 25 1) T 36 24 SR WS [J]. A k2%, 2023, 35(3):
315-328.

ZHANG YF, LIN SS, WU F, LIU JY. Fabrication and
delivery of live bacterial therapeutics by surface
modification[J]. Chinese Bulletin of Life Sciences,
2023, 35(3): 315-328 (in Chinese).

PATARROYO JL, FLOREZ-ROJAS JS, PRADILLA
D, VALDERRAMA-RINCON JD, CRUZ JC, REYES
LH. Formulation and characterization of gelatin-based
hydrogels for the encapsulation of Kluyveromyces
packed-bed
probiotics delivery in humans[J]. Polymers, 2020,
12(6): 1287.

LUAN Q, ZHANG H, WANG JH, L1 Y, GAN MY,
DENG QC, CAI LY, TANG H, HUANG FH.

reinforced

lactis-applications  in reactors and

Electrostatically and sealed
nanocellulose-based macrosphere by alginate/chitosan
multi-layer coatings for delivery of probiotics[J]. Food
Hydrocolloids, 2023, 142: 108804.

CHENG QK, LIU L, XIE MZ, LI H, MA D, XUE W.
A colon-targeted oral probiotics delivery system using
an  enzyme-triggered  fuse-like = microcapsule[J].

Advanced Healthcare Materials, 2021, 10(8): €2001953.

http://journals.im.ac.cn/actamicrocn



